Background: Sustained growth in longevity raises questions as to why some individuals report a good quality of life in older ages, while others seem to suffer more markedly the effects of natural deterioration. Health-related quality of life (HRQL) is mediated by several easily measurable factors, including socio-demographics, morbidity, functional status and lifestyles. This study seeks to further our knowledge of these factors in order to outline a profile of the population at greater risk of poor ageing, and to identify those attributes that might be modified during younger stages of the life course. Methods: We use nationally representative data for Catalonia (Spain) to explain the HRQL of the population aged 80-plus. Cross-sectional data from 2011 to 2016 were provided by an official face-to-face survey. HRQL was measured using EQ-VAS -the EuroQol-5D visual analogue scale -which summarizes current self-perceived health. Multivariate linear regression was used to identify variables influencing the EQ-VAS score. Results: Sociodemographic factors, including being older, female, poorly educated and belonging to a low social class, were related with poor HRQL at advanced ages. The presence of severe mobility problems, pain/discomfort, and anxiety/ depression were highly correlated to the HRQL of the elderly, while problems of self-care and with usual activities had a weaker association. Conclusions: Encouraging the young to stay in education, as well as to adopt healthier lifestyles across the lifespan, might ensure better HRQL when individuals reach old age. More multidisciplinary research is required to understand the multifaceted nature of quality of life in the oldest-old population.
Background
Life expectancy today is higher than ever before, with the modal length of life in low-mortality regions approaching 91 years for women and 86 years for men [1] . At the global scale, low-and middle-income countries are recording large declines in mortality at younger ages [2] , while in high-income countries the gains in life expectancy are due mainly to the decreasing trends in mortality rates among the elderly [3] . Although in these more advanced economies current life expectancy at older ages reflects current mortality conditions and reaching the fourth age has become a relatively normal ageing phenomenon, exposure to different conditions across the lifespan results in lower rates of survival to old age for earlier-than for later-born cohorts [4] . Nevertheless, the 'long-lived' population continues to grow rapidly in many countries thanks to increasing rates of survival at all ages, particularly among the elderly, and past fertility trends [5] .
Adding years to the lifespan gives rise to new challenges, as the dynamics of health in older age are both complex and require addressing from a multidisciplinary perspective [6, 7] . While living a long life in good health is a universal aim, ageing is a multifaceted, long-term process that is not faced with equal success by all individuals [8] . A consideration of only the specific diseases or limitations that might affect an older person would be an overly simplistic approach to take here, given that what is required is an evaluation of their impact on trajectories of health and functioning [9] . Ultimately, it is assessments of the quality of life (QoL) that are indicative of poor or successful ageing processes [10] .
QoL is neither readily defined nor operationalized given its multidimensional nature [11] . One of its most critical dimensions can be identified as health-related quality of life (HRQL), which is concerned with the effects of health, illness and treatment on QoL, but which excludes cultural, political or societal attributes of life. There is an extensive literature describing different methods for measuring HRQL [12] [13] [14] , but some authors [15] identify two main types. The first is that of direct elicitation, which includes such methods as time trade-off and rating scales. The time trade-off method involves asking subjects to imagine having to live in a given state of poor health for "x" years, and then to identify the number of years in full health that they consider to be of equal value [16] . For example, if a respondent considers that living for six years in full health is equivalent to being confined to a wheelchair for ten years, the utility that that person assigns to the state of being in a wheelchair can be used to calculate their QoL in that state of health. Alternatively, rating-scale methods, such as visual analogue scales, involve asking subjects to rate their state of health on a scale from 0 to 100, ranging from worst to best health imaginable. The second type of methods for assessing HRQL involves indirect procedures. These use health status instruments such as the Health Utilities Index [17] or the EuroQol [18] . None of these methods requires subjects to self-assign a QoL score; rather, an index is estimated on the basis of their responses to questions about different dimensions of their health, including mobility and pain [19, 20] .
This study is conducted in Catalonia, a high-income Spanish region, and focuses on a population that is currently undergoing an accelerated ageing process. According to information released for 1990 by the region's official website, 176,565 individuals were then aged 80 and above, that is, 2.9% of the whole Catalan population. More recently, in 2016, the size of this oldest-old age group had more than doubled, and today it represents 6.0% of the overall population [21] . Under an average scenario, demographic projections indicate that this rate is set to reach almost 10.0% by 2040. Aside from the challenges this represents for the public pension system [22] , from a healthcare perspective this process highlights the need for optimal resource management, along with welldesigned prevention and promotion actions.
Within this demographic context, several crosssectional [23] [24] [25] and longitudinal [26, 27] studies examine the correlates of HRQL in older adults, but little is known about the oldest-old population. We aim to fill this research gap by focusing on a twofold objective with regards to the population aged 80 and over. First, we seek to develop a model that can provide a better understanding of the way in which demographic, educational, health and lifestyle variables correlate to HRQL. Second, we aim to identify those factors frequently linked to poor ageing that can actually be modified in earlier stages of life.
Methods

Data
We conducted a cross-sectional study in Catalonia (Spain), a region with 7.5 million inhabitants, whose capital and largest city is Barcelona. Our microdata are drawn from the Catalan Health Survey (ESCA) [28] , which provides extensive information on individuals' health-related behaviour and state of health, in relation to a set of sociodemographic variables. This official survey was first conducted in 1994 and since 2010 it has been repeated on a twice-yearly basis. The sample uses a random complex design, with strata based on age, gender and geographical area [29] . Personal interviews are used to collect the data, and the questionnaires used in each time-period are designed to be comparable.
To obtain a sufficiently large sample size, we used data made available over the last six years (2011 to 2016). Our final sample comprised a randomly selected population of 2264 home-dwellers (1025 males and 1239 females) aged 80 years and above. In 42.6% of the cases, the interviewer was unable to locate the designated sample individual. However, following the ESCA standard procedure, he/she was provided with a substitute that was identical to the original in terms of their stratification variables. In addition, 567 interviews were conducted through an indirect informant, owing to problems of ill-health or other impediments presented by the selected respondent. The overall final response rate was 100%.
Measures
EuroQol-5D was used to assess the HRQL of our population of individuals aged 80 and over. This standardized instrument was developed in Europe in 1990 by the EuroQoL Group [18] and has since been widely used. It comprises two parts -an indirect and a direct procedure for assessing HRQL: that is, a descriptive health classifying system (EQ-5D) and a visual analogue scale (EQ-VAS), respectively. The EQ-5D is a self-report questionnaire that asks respondents to classify their own health according to five dimensions: mobility, self-care, usual activities, pain or discomfort, and anxiety or depression. Since 2011, the ESCA questionnaire has incorporated the five-level Spanish version [30] , with five degrees of severity ranging from no problems to extreme impairment [31] . Additionally, the EQ-VAS, a rating-scale method, allows respondents to provide a global assessment of their health status "today", from 0 to 100. Here, we opted to group the EQ-VAS values into four intervals delimited by quartiles, ranging from worst to best HRQL: i) interval 1: ≤ 40; ii) interval 2: 41 to 55; iii) interval 3: 56 to 70; and iv) interval 4: > 70. The EuroQol Group recommends the use of both parts of the instrument for research purposes [32] .
We also took into consideration several sociodemographic, health status, and healthcare variables associated with HRQL. The sociodemographic characteristics included gender, age (three groups: 80-84; 85-89; 90-plus), level of education (low -less than high school vs. middle/high -upper secondary or tertiary), social class based on the classification proposed by the Spanish Society of Epidemiology [33] (low vs. middle/high social class), and household size (lives alone or lives with other household members). Levels of sensory and physical limitation were included by drawing on several different indicators. Specifically, the severity of sensory impairment was constructed by summing the number of affirmative responses when reporting the presence of limitations in: (i) hearing; (ii) seeing; (iii) speaking; and (iv) writing or reading. The level of functional loss was likewise constructed from affirmative responses indicating: (i) severe limitations in getting out of the house alone; (ii) walking problems that require mobility aids, the help of another person, or a wheelchair; and (iii) other physical movement impairments, such as difficulties in climbing ten steps without help. Chronic morbidity was measured through the number of selfreported chronic conditions, with subjects being asked if they currently have or had had various conditions selected from a list of 32, including hypertension, hypercholesterolemia, diabetes, etc. We also considered the occurrence of falls in the previous 12 months, the need for help to complete activities of daily living (ADLs), and the level of physical activity (from sedentary to highly active). A range of variables has typically been used as indirect controls of health indicators and to help classify individuals into a specific category. As risky health behaviours, we considered the following variables: body mass index (underweight or obese, that is, a BMI of < 18.5 or ≥ 30 vs. normal or overweight, that is, a BMI of ≥18.5 or < 30), smoking (current smoker, former smoker or never smoked), and drinking (non-drinker; moderate drinker, that is, drinking less than 280 g of pure alcohol per week for men, and 170 g for women; or at-risk drinker, when these limits are exceeded, or alcohol use is over 50 g in 24 h at least once a month). These alcohol intake categories were defined according to the classification provided by the Spanish Society of Family and Community Medicine [34] . As for healthcare and the use of medical resources, respondents reported about the number of prescription drugs taken during the previous two days, the number of overnight stays in a hospital within the preceding 12 months, and the number of visits or calls to the emergency department during the same period.
Statistical analysis
We analysed the descriptive data of the sociodemographic characteristics and health status of Catalan adults aged 80-plus in relation to the EuroQoL instrument. Specifically, we provide the severity distribution for each dimension on the EQ-5D questionnaire, and the individual characteristics according to the quartile interval on the EQ-VAS. Continuous variables are described using means and standard deviations (SD), and categorical variables using percentages (%). Sampling weights provided by the ESCA are used in the analyses to correct for age and gender deviations between our sample and the Catalan population.
A multivariate linear regression model was fitted using ordinary least squares (OLS), to detect which components affected the EQ-VAS score for HRQL. To this end, we estimated and compared three different regression models. In a first step, Model 1 estimated the effect of the EQ-5D scale measures on the EQ-VAS score to determine their influence. Specifically, we wished to analyse the relationship between the score recorded by the study population on the EQ-VAS and their perception of the degree of severity of each of their limitations included in the EQ-5D. Our objective in so doing was to determine whether there are dimensions or degrees of severity that are more closely associated than others with a decrease in HRQL. In a second step, we omitted the EQ-5D measures, and included all the control variables, so as to identify their effect on the EQ-VAS score (Model 2). We aimed to facilitate identification of the net association between these variables and the assessment of HRQL measured using this scale, which lies at the core of our study. Finally, to determine how the variables included in Model 2 interact with the EQ-5D dimensions, we combined Models 1 and 2 (Model 3).
We tested for heteroscedasticity and multicollinearity in the three sequential models and obtained mainly negative results. Only Model 3 was slightly affected by some correlation between the EQ-5D variables and the rest of the regressors. However, as the latter is a combined model, we decided to maintain all the explanatory variables. The outcomes of the OLS models are presented as coefficients with their respective p-values (significance levels at 1, 5 and 10%). All statistical analyses were conducted with Stata version 13.1. Table 1 shows the distribution of individuals according to the reported level of severity on the EQ-5D dimensions. The dimensions most frequently identified by the respondents as severe/extreme problems were limitations related to usual activities (26.2%) and mobility (24.6%). Indeed, mobility issues, together with pain/ discomfort, affected about two-thirds of the population to some degree, although only relatively small proportions identified them as extreme problems (4.8 and 3.2%, respectively). In contrast, roughly two-thirds of individuals reported no limitations as regards self-care and anxiety/depression (60.4 and 63.1%, respectively).
Results
Univariate analysis
The study sample, of which 64.4% were women, presented a mean age of 85.9 years (SD 4.3), with slightly more than half falling in the youngest age group (80-84) ( Table 2 ). The vast majority of respondents had not completed secondary education (86.5%) and were of low social class (75.5%), while almost three quarters (72.2%) reported not living alone. As for their health, 32.4% of the respondents reported sensory problems of some degree; 44.5% presented a severity level of 2 or 3 in terms of functional loss; and, the average number of chronic diseases reported was 7.2 (4.0 SD). About a fifth of respondents reported suffering a fall in the previous 12 months, while more than half reported needing help with activities of daily living (ADLs) and being sedentary (with just 35.6% being slightly active or more). The average number of prescription drugs taken over the previous two days was 4.1 (SD 2.6). In the case of the three risk factors studied, 83.1% reported a normal/overweight BMI, 78.6% never smoked, and almost all reported being non-drinkers (52.7%) or moderate drinkers (46.6%). Finally, 17.4% of the elderly had been hospitalized in the previous year, with an average of 0.7 emergency visits (SD 1.6). Table 2 also shows the characteristics of the 80-plus population according to their EQ-VAS scores (broken down into four intervals delimited by quartiles). The first interval (those with the lowest HRQL score) comprised the largest proportion of women (70.3% vs. 55.3% in the fourth interval, reporting the highest scores), with the highest average age (86.0 vs. 84.5), the largest proportions with a low education level (92.4% vs. 79.4%) and low social class (80.4% vs. 66.6%) and the highest proportion living in a shared household (79.5% vs. 73.1%). As expected, the least advantaged group according to the EQ-VAS score reported the worse state of health in relation to all sensory, functioning and health variables, as well as the greatest use of health resources. The differences between intervals were especially notable in relation to reported levels of some sensory loss (51.7% in the first interval vs. just 17.1% in the fourth), the severest level of functional loss (63.2% vs. 9.7%), the average number of chronic diseases (9.5 vs. 4.9) and the need for help with ADLs (87.2% in the first vs. 20.6% in the fourth). BMI and lifestyles were healthier in the group with the highest HRQL scores. Differences between the first and fourth intervals were notable in the cases of sedentarism (80.3% versus 37.7%), being underweight or obese (33.0% versus 8.9%), and the proportion of nondrinkers (65.5% versus 39.9%). Likewise, while 28.8% of the elderly in the first interval had been hospitalized in the previous 12 months, with an average of 1.3 emergency visits, the corresponding figures for those in the fourth interval were 10.4% and 0.4. In short, a persistent pattern is evident with conditions improving across the board as we move from the first (lowest EQ-VAS score) to the fourth (highest EQ-VAS score) interval.
Multivariate analysis
In the multivariate analysis stage, we estimated the linear regression coefficients for the EQ-VAS scores in three sequential models. As expected, the five standardized dimensions of the EQ-5D scale explained a large proportion (40.0%) of the variation of the EQ-VAS scores (Model 1, Table 3 ). We found a strong, significant negative association between severe/extreme problems in all five dimensions and the EQ-VAS scores. The expected value for the dependent variable fell as the severity of the disorder increased. By order of magnitude, advanced stages of mobility issues, pain/discomfort, and anxiety/ depression were associated with the largest falls in the EQ-VAS scores, while limitations as regards self-care and usual activities presented a weaker correlation.
Model 2 provides a different approach, as it excludes the EQ-5D measures, and instead includes as regressors certain socio-demographic, morbidity, functional status and lifestyle variables that also contribute to explaining the EQ-VAS score. Being older, female, low educated and belonging to the low social class reduced the expected EQ-VAS score. Individuals presenting some level of sensory impairment showed reductions of around 5 units on our HRQL measure for each additional issue reported. A similar outcome was found for those with chronic conditions (− 1.32 for each clinical condition). Being underweight or obese also had a significant negative association (− 2.89). Similarly, individuals taking prescription drugs in the previous two days, or who had been hospitalized or attended emergency units in the preceding twelve months presented lower expected HRQL values. The R-squared coefficient for this model was 0.25. To complete the analysis, we proposed an additional model (Model 3), which merges Models 1 and 2, allowing us to determine whether the variables in Model 2 interact with the EQ-5D dimensions. This last model presented the highest R-squared value (0.42), suggesting a good explanatory capacity. In the case of the EQ-5D dimensions, we found similar results to those presented above, except in relation to self-care and usual activity limitations whose coefficients for slight problems were no longer significant. Age presented a significant positive coefficient, suggesting that the EQ-5D scale might underestimate the dependent variable when combined with the rest of the regressors. On the other hand, gender, social class, underweight or obesity, the number of prescription drugs taken in the last two days and the number of emergency visits in the last 12 months were no longer significant. This result might suggest that these characteristics provide redundant information when the EQ-5D dimensions are included in the model.
Discussion
This study has aimed to further our understanding of the ways in which sociodemographic, educational, health and lifestyle variables correlate with the HRQL among community-dwelling individuals aged 80-plus in Catalonia, a region where life expectancy is high and continues to increase. In so doing, we used a rating-scale method, the EQ-VAS, to measure the HRQL. Our findings confirm the multifaceted nature of HRQL in old age. As expected, the five dimensions of the EQ-5D were found to explain a significant proportion of the variability detected in the responses of the oldest-old about their HRQL. However, the consideration of other individual characteristics proved relevant for better outlining the profile of the population at risk of poor ageing due to bad HRQL. Specifically, our results shed new light on how different social and lifestyle factors correlate with the HRQL of the oldest-old. First, in the population aged 80-plus, they seem to confirm the positive association between being female and older and having a poor HRQL [35] . But, more interestingly, we detected a persistent pattern whereby other factors typically defined in younger stages of the life course are strongly linked to HRQL in later life. Specifically, middle/high levels of educational attainment and middle/high levels of social class [25, 36, 37] , pointing to the widespread influence of education and income as social determinants of both physical and mental health at different stages of life and also among members of the oldest-age group. In addition to countless benefits across the lifespan, a higher education is an obvious facilitator of a better occupation-based socioeconomic status and, according to our results, of a better HRQL during old age. While palliating the physical and mental deterioration caused by a long life remains essential, efforts to increase awareness among the population of the importance of preparing for successful ageing at younger stages in the lifecycle might improve the QoL at very old ages. For example, an active lifestyle could help prevent mobility issues or ADL difficulties in later life. In short, components of both health care and broader social issues may contribute to promote the best ageing trajectories [38] .
The findings from our study are of considerable interest as they provide empirical evidence regarding a highly relevant aspect of health for contemporary societies. However, a number of limitations should be noted that might affect our results. First, as the ESCA does not target individuals in nursing homes, our results cannot be generalized to the entire oldest-old population. Indeed, our respondents may well be younger than those living in nursing homes, the latter generally being individuals at a higher risk of morbidity and mortality. According to the Catalan Statistics Institute [39] , the institutiondwelling elderly represented about 0.6% of the Catalan population in 2011, with one in every five individuals aged 90-plus living in a nursing home. Second, the ESCA questionnaire was answered indirectly (owing to impairment of sample unit) in 25% of cases. Even though sensitive questions are avoided in this indirect questionnaire, some response bias might exist. Third, as our results cover a 6-year period, there could be some concealed trends. However, we were obliged to work with this long period in order to have a large enough sample to guarantee the robustness of the results. Finally, our findings would be clearer if longitudinal datasets had been used, but no panel data for Catalonia -or for Spain -are available.
While we recognize these limitations, the analysis presented here also has some strengths. We should stress that we have analysed a large sample of individuals aged 80-plus. Moreover, the official nature of ESCA ensures the quality of the field work and guarantees a full response rate, thus avoiding the underrepresentation of any age strata. As discussed, few studies to date have examined the determinants of HRQL among the oldestold. Indeed, to the best of our knowledge, this is the first study using Spanish data to analyse the determinants of HRQL for individuals aged 80-plus. Bearing in mind that Spain leads the European life expectancy (83.0 years at birth -with Switzerland-, and 9.9 years at age 80 in 2015 [40] ), furthering our knowledge of its oldest-old population is of undeniable interest.
Conclusions
The multifaceted nature of QoL in old age highlights the need to implement a more multidisciplinary approach to understanding its complexity. A closer consideration of such domains as psychological and social support needs should provide a better insight as to why one elderly individual feels well despite the natural deterioration associated with ageing while another, in apparently similar conditions, feels unwell. 
